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8*?^ AGENT AND PR0CESS USING TOR KOLATON OF 



Field of the Invention 

The invention relates to compositions and methods for isolating 
nucleic acids (both RNA and DNA) and proteins from biological materials. And 
more particularly, the invention relates to nucleic acid and protein isolation 
methods employing non-toxic chaotropic agents. 
Background of the Invention 

The continuous advances in molecular biology, biotechnology and 
clinical research have resulted in an ever increasing number of uses for DNA, 
RNA and proteins. For example, polymerase chain reaction (PCR) technology 
has dramatically expanded the use of DNA and RNA in basic research, in 
clinical diagnostics such as detection of messenger RNA (mRNA) by reverse 
transcription PCR (RT-PCR), and the use of PCR in detection of genetic 
defects. In the protein field, identification of proteins by Western blotting has 
become an important tool in studying gene expression in basic research and 
15 identification of specific proteins for diagnostic purposes, as exemplified by 

viral protein detection. 
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The increased use of UNA, DNA and proteins has created a need 
for fast, simple and reliable methods and reagents for isolating DNA, RNA and 
proteins. In many applications, collecting the biological material sample and 
subsequent analysis thereof would be substantially simplified if the three cellular 
i components (RNA, DNA and proteins) could be simultaneously isolated from 

a single sample. The simultaneous isolation is especially important when the 
sample size is so small, such as in biopsy, that it precludes its separation into 
smaller samples to perform separate isolation protocols for DNA, RNA and 
proteins. 

There are known methods for isolating DNA, RNA and proteins 
from a single biological material sample. One such method is described in 
Coombs, L. M., et al.: "Simultaneous Isolation of DNA, RNA and Antigenic 
Protein Exhibiting Kinase Activity from Small Tumor Samples Using Guanidine 
Isothiocyanate", Anal, gjochern,, 188, 338-343 (1990). The Coombs et al. 
method is based on ultracentrifugation of the sample homogenate in a guanidine- 
cesium chloride solution. The sample is homogenized in 4 M guanidine 
thiocyanate and then overlayered on a cesium chloride (CsCl) solution and 
centrifuged at > lOO.OOOg for about 18 hours. Following centrifugation, DNA, 
RNA and proteins are separated and purified over the next 12-24 hours. This 
method has several limitations or drawbacks, including the prolonged time 
required for isolation and the limited number and size of samples which can be 
processed with an ultracentrifuge. Also, the high cost of an ultracentrifuge may 
be prohibitive in certain circumstances. 



WO 97/05248 PCT/US96/11875 

-3- 

Another method for the simultaneous isolation of DNA, RNA and 
proteins from a single biological material sample is the subject of my earlier 
U.S. Patent No. 5,346,994 (the '994 patent). That method is based on liquid- 
phase separation using phenol and guanidine thiocyanate. A biological sample 
5 is homogenized in the aqueous solution of phenol and guanidine thiocyanate and 

the homogenate thereafter is mixed with chloroform. Following centrifogation, 
the homogenate separates into an organic phase, an interphase and an aqueous 
phase. Proteins are sequestrated into the organic phase, DNA into the interphase 
and RNA into the aqueous phase. Next, each component is precipitated from the 
10 corresponding phase using ethanol and is then washed. The whole procedure can 

be completed in about 2-3 hours, and is especially useful for the isolation of 
high quality RNA from a variety of sources. One drawback to this method is the 
use of highly toxic phenol. 

There are many known methods for the separate isolation of 
15 DNA, RNA and proteins from biological material; i.e., protocols for isolating 

a single one of these components from a sample. In typical DNA isolation 
methods, a biological sample is lysed in a lysing solution and then the DNA is 
isolated from the lysate according to any one of a variety of multi-step 
protocols, which may take from one hour to several days to complete. 
20 Frequently recommended DNA isolation methods involve the use of toxic 

Phenol. See, Sambrook, J. etal., -Molecular Cloning", Vol. 2, pp. 9.14-9.23, 
Cold Spring Harbor laboratory Press (1989) and Ausubel, Frederick M. et al.. 
"Current Protocols in Molecular Biology", Vol. 1. pp. 2.2. 1-2.4.5, John Wiley 
& Sons. Inc. (1994). Typically, a biological sample is lysed in a detergent 
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solution and the protein component of the lysate is digested with proteinase for 
12 - 18 hours. Next, the lysate is extracted with phenol to remove most of the 
cellular components, and the remaining aqueous phase is processed fimher to 
isolate DNA. In another method, described in Van Ness et al. U.S. Patent 
5,130,423, non-corrosive phenol derivatives are used for the isolation of nucleic 
acids. The resulting preparation is a mix of RNA and DNA. 

DNA isolation methods utilizing non-corrosive chaotropic agents 
have also been developed. These methods, which are based on the use of 
guanidine salts, urea and sodium iodide, involve lysis of a biological sample in 
a chaotropic aqueous solution and subsequent precipitation of the crude DNA 
fraction with a lower alcohol. The final purification of the precipitated, crude 
DNA fraction can be achieved by any one of several methods, including column 
chromatography as described in "RapidPrep'" Genomic DNA Isolation Kits For 
Cells and Tissue: Versatility at Your Fingertips!", AjaJects, Vol 22, No. 4, 
Pharmacia Biotech, 1994, or exposure of the crude DNA to a polyanion- 
containing protein as described in Roller U.S. Patent 5,128,247. 

Yet another method of DNA isolation, which is described in 
Botwell, D.D.L., "Rapid Isolation of Eukaryotic DNA", Anal. Bioche^ , 162, 
463-465 (1987) involves lysing cells in 6 M guanidine hydrochloride, 
precipitating DNA from the lysate at acid pH by adding 2.5 volumes of ethanol, 
and washing the DNA with ethanol. It is believed that the resulting DNA may 
be contaminated, however, with a low molecular weight material such as RNA 
and pigments. This conclusion is in agreement with the well known report 
showing that under similar conditions RNA can be precipitated from cell or 
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tissue lysate. See Chirgwin, J.M. et al., "Isolation of BiologicaUy ^ 
Ribonucleic Acid from Sources Enriched in Ilibonuclease", Dept. of 
Biochemistry and Biophysics, Univ. of California, Vol. 18, No. 24, pp. 5294. 
5299 (1979). 

5 Sodium iodide, another chaotropic agent, has been used in DNA 

isolation, but its use requires an additional purification step consisting of 
adsorption of the isolated DNA on glass beads. Although this method is 
relatively simple, it results in a low yield of isolated DNA. 

In still another approach, the bulk of cytoplasmic proteins and 
RNA are removed by lysing cell samples in a detergent solution. The lysate is 
then fractionated into the nuclear and cytoplasmic fractions. And thereafter, the 
DNA is purified by dissolving the nuclear fraction in a chaotropic solution, 
precipitating and washing with ethanol. This method, described in Ciulla, T. A. 
et al., -A Simple Method for DNA Purification from Peripheral Blood", AnaL 
Sifichen, 174, 485-488 (1988), can be completed in about 2 hours and is useful 
for isolating DNA from whole blood. 

Known techniques for isolating RNA typically utilize either 
guanidine salts or phenol extraction, as described for example in Sambrook, J. 
et al., -Molecular Cloning", Vol. 1, pp. y.3-7.24, Cold Spring Harbor 
laboratory Press (1989) and Ausubel, F. M. et al., "Current Protocols in 
Molecular Biology", Vol. 1, pp. 4.0.3-4.4.7, John Wiley & Sons, Inc. (1994). 
Phenol-based techniques are multi-step procedures requiring several hours or 
days to complete. Similarly, the guanidine-based RNA isolation methods 
require at least several hours and take many steps to complete. In my earlier 
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U.S. Patem No. 4,843,155, phenol and guanidine procedures were uniquely 
combined, resulting in a simple method of total RNA isolation which can be 
completed in 3 hours. The method of the '155 patent was further improved upon 
in my '994 patent, which allows for completion of the RNA isolation in about 
1 hour. 

There are also known techniques for the simultaneous isolation 
of DNA and RNA, as referenced in my earlier '994 patent, the disclosures of 
which are incorporated herein by reference. All of these techniques utilize 
phenol extraction as a necessary step for isolating RNA and DNA free of 
protein contamination. 

Heretofore, it has been the commonly accepted view that 
precipitation of nucleic acids from chaotropic solvents does not result in pure 
nucleic acid preparations. Contrary to this view, however, the present inventor 
has found that under certain conditions, as described in full detail herein, the 
use of chaotropic agents alone will result in isolation of assay ready, high 
quality DNA and RNA. This unexpected finding led to the development of a 
very simple, effective method and product for the simultaneous isolation of 
DNA, RNA and proteins from a single sample for subsequent use in molecular 
biology, biotechnology, clinical research and other applications. 
Summary nf thy ^ 

The products and methods of the present invention provide a 
highly effective, simple means of extracting DNA, RNA and proteins from a 
single biological material sample, such as cells, tissues and biological fluids. 
Advantageously, these results can be achieved without the use of toxic or 



WO 97/05248 PCIYUS9fi/l 1875 

-7- 

corrosive reagents and without the use of expensive ultracentrirugation 
equipment. Genomic DNA and total RNA can be isolated utilizing the products 
and methods of the invention in as little as 20 minutes, and proteins in as little 
as 30 minutes. These results are substantially faster than existing methods for 
5 the simultaneous isolation of DNA, RNA and proteins. The invention is also 

applicable to the separate isolation of RNA only, DNA only, proteins only or 
any combination of two of these cellular components. The resulting genomic 
DNA and total RNA isolated utilizing the methods and products of the invention 
are of high quality suitable for use in research, biotechnology, etc. The 
10 invention is in part based on the unexpected finding that utilizing the products 

of the invention, RNA is precipitated prior to DNA, which is contrary to prior 
an methodologies. In particular, the finding that the solvent solution of the 
present invention precipitates RNA prior to DNA is in striking contrast to the 
described prior art such as Roller U.S. Patent No. 5,128.247, wherein it 
15 describes that DNA exhibits a lower solubility than RNA and apparently can be 

precipitated more easily than RNA. Furthermore, substantially lower amounts 
of organic solvents are required to effect the precipitation of the cellular 
components. 

In its broadest aspects, the invention encompasses solutions for 
isolating substantially pure and undegraded RNA, DNA and protein from 
biological materials, including tissue, cells and fluids. The solution preferably 
includes effective amounts of a chaotropic agent(s), buffer, reducing agent, and 
water (with or without organic solvents)). The chaotropic agent(s) act to 
dissociate proteins from nucleic acids (RNA and DNA) and inhibit the activity 
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of nucleic acid degradation enzymes. The actions of the chaotropes are 
potentiated by the reducing agent present in the solvent solution. When the 
solution includes an organic solvent, its presence prevents solubilization of 
RNA, thereby making it possible to remove RNA from the homogenate formed 
i when the tissue sample is homogenized in the solvent solution by a brief 

centrifugation step. When the solution does not include an organic solvent, the 
RNA is precipitated from the homogenate subsequent to homogenization by the 
addition of an organic solvent. 

Preferred chaotropic agents for the solution include guanidine 
thiocyanate, guanidine hydrochloride, and mixtures thereof. These components 
may be supplemented with other chaotropes, such as urea or sodium iodide. The 
preferred concentration of chaotropes in the solution is in the range of about 
2M - 7 M. Preferably, the reducing agent is non-toxic, such as 2- 
aininoethanethiol. If required, this can be substituted with 2-mercaptoethanol; 
however, this is a toxic composition. The reducing agent facilitates 
denaturization of RNase by the chaotropes and aids in the isolation of 
undegraded RNA. 

The solution of the present invention preferably contains a 
sufficient amount of buffer to maintain the pH of the solution above about 6. 
For the simultaneous isolation of RNA, DNA and proteins, the pH should be 
maintained in the range of about 6-7.5. For the isolation of DNA alone, the 
effective pH range may be about 6-12. The preferred buffers for use in the 
solutions of the invention include tris-hydrochloric acid, sodium phosphate, 
sodium acetate, sodium tetraborate-boric acid and glycine-sodium hydroxide. 
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As stated, the solution may contain an organic solvent. The 
preferred solvents are lower alcohols such as methanol, ethanol and isopropanol. 
However, other water miscible solvents can be used which will achieve the 
desired effect, such as acetone, polyethylene glycol and dimethylsulfoxide, or 
5 inixtures of any of the foregoing. The effective concentration of organic 

solvents in the product of the invention is in the range of about 15-30% by 
volume. 

The solution of the invention may contain additional components, 
including organic and inorganic salts such as sodium chloride, potassium 

3 chloride, ammonium chloride, sodium phosphate, sodium acetate, sodium 

nitrite, lithium chloride, and sodium bromide. Furthermore, compatible 
detergents such as sarcosines and polyoxyethylenesorbitan, and chelating agents 
such as ethylenediamine tetraacetic acid and citric acid can be utilized to 
promote tissue solubilization and precipitation of nucleic acids. 

5 In another aspect, the invention encompasses methods of isolating 

substantially pure RNA, DNA and proteins from biological material samples. 
Utilizing the solutions of the present invention, and particularly those wherein 
the solution includes an organic solvent, the method includes an initial step of 
homogenizing a biological material sample in the solution to form an 

) homogenate. The presence of the organic solvent prevents solubilization of 

RNA, thereby making it possible to remove RNA from the homogenate by brief 
centrifugation (sedimentation). Thereafter, DNA is precipitated from the 
reniaining homogenate by adding an effective amount of an organic solvent and 
recovering the precipitated DNA by brief centrifugation (sedimentation). 
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Finally, adding an effective amount of an organic solvent to the remaining 
homogenate precipitates proteins therefrom. The successive addition of organic 
solvents to precipitate genomic DNA and proteins from the post-RNA 
homogenate require a limited amount of the organic solvent. Following a wash 
5 with ethanol, the three cellular components are each separately and fully ready 

for use in molecular biology, biotechnology and clinical research applications. 
Preferably, the organic solvent utilized to precipitate DNA is added in a ratio 
of about 0.15-0.3 volumes of solvent per one volume of initial homogenate. 
The organic solvent added to precipitate proteins is preferably added in the ratio 
of about 3-4 volumes of solvent per one volume of initial homogenate. One 
preferred organic solvent for this purpose is isopropanol, although other suitable 
organic solvents can be used. 

In an alternative methodology, wherein the solution does not 
include an organic solvent component, the homogenate is formed and an initial 
centrifugation step is performed to remove any unhomogenized tissue. 
Thereafter an effective amount of an organic solvent is added to preclude the 
solubilization of total RNA. This makes it possible to recover the RNA from 
the homogenate by a brief centrifugation (sedimentation). Preferably, the 
organic solvent added to precipitate RNA is added in a ratio of about 0.15-0.3 
volumes of solvent per one volume of initial homogenate. Once separated, the 
RNA is washed with ethanol and the RNA precipitate may be dissolved in 
formamide and stored at -20' C. The use of formamide as a solubilization agent 
is beneficial in that it protects RNA from degradation by RNase, which may 
otherwise contaminate the isolated RNA. 
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Following precipitation of the RNA, DNA is precipitated by 
adding an additional 0. 15-0.3 volumes of organic solvent per one volume of the 
initial homogenate. The DNA precipitate is removed from the homogenate by 
spooling or brief centrifugation (sedimentation). Proteins and other cellular 
! components are retained in the homogenate and the protein component is 

precipitated by the addition of 3-4 volumes of an organic solvent per one 
volume of the initial homogenate. 

Overall, and in comparison with other known methodologies, the 
precipitation of nucleic acids according to the present invention is performed 
with a substantially reduced amount of organic solvents. For example, in 
Sambrook, J. et al., "Molecular Cloning", Vol. 1. pp. 7.3-7.24, Cold Spring 
Harbor Press (1989), the precipitation of RNA requires the addition of 0.5-2.5 
volumes of a lower alcohol added to one volume of the chaotropic solution. In 
addition, the RNA precipitation was carried out for several hours at -20-4*C. 
In contrast, the precipitation of RNA according to the present method is 
completed in about 3-5 minutes and is performed at room temperature. With 
respect to the DNA precipitation, Botwell, D.D.L. "Rapid Isolation of 
Eukaryotic DNA", Anal, Bjochern. 162, 463-465 (1987), describes precipitation 
from chaotropic solutions carried out with 2-2.5 volumes of ethanol. Likewise, 
high volumes of alcohol have been recommended for the effective DNA 
precipitation from non-chaotropic solutions, as exemplified in Ausubel, F.M. 
« al., "Current Protocols in Molecular Biology", Vol. 1, pp. 221-245, John 
Wiley & Sons, Inc. (1994). 
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The unexpectedly low concentration of organic solvents required 
for precipitating RNA and DNA from the chaotropic solutions of the present 
invention makes it feasible to obtain RNA and DNA in highly pure form for use 
in molecular biology and biotechnology, as well as clinical research and other 
5 applications. 

These and other features and advantages of the present invention 
will become apparent to persons skilled in the art upon review of the detailed 
description and working examples herein. 
Brief Descri ption of the J)raw^ ff c 

10 Fi 8- 1A shows the electrophoretic analysis of nucleic acids 

isolated in accordance with Example 1 herein; 

Fig. IB shows the utility of the total RNA in RT-PCR; 
Fig. 1C shows the utility of the genomic DNA in PCR; 
Fig. ID shows the results of protein analysis by Western blotting; 
15 Fi 8- 2A shows the electrophoretic analysis of nucleic acids 

isolated in accordance with Example 2 herein; 

Fig. 2B shows the results of total RNA analysis by Northern 



blotting; 



20 blotting; 



and 



Fig. 2C shows the results of genomic DNA analysis by Southern 



Fig. 2D shows the results of protein analysis by Western blotting; 



Fig. 3 shows the results of genomic DNA analysis by 
electrophoresis as isolated in Example 5. 
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Detailed n^rrfrtj^ n f Me Inventing 

Preferred solutions and methods according to the present 
invention are described in the following working Examples. 
Example 1 - Sjmultanrom Isolation nf DNA ,. RNA ft TW^ F mm 

A method of the invention was used to simultaneously isolate 
DNA, RNA and proteins from rat somatomammotroph PO cells. About 10» PO 
cells were lysed (homogenized) in a 10ml of solution of the invention, which 
contained: 4 M guanidine thiocyanate (Amresco, Inc., Solon, OH), 17% 
isopropanol, 0.1 M sodium acetate, 0.1 M 2-aminoethanethiol hydrochloride 
(Sigma, St. Louis, MO) and 0.2% sarkosyl in water. The solution was adjusted 
to pH 7.0 with hydrochloric acid. Unless stated otherwise, chemical reagents 
were obtained from Fisher Scientific (Pittsburgh, PA). Next, 0.6 ml aliquots of 
the lysate (homogenate) were frozen or used immediately for the isolation. The 
0.6 ml aliquot utilized as described below contained 37.3 M g DNA, as 
determined by the dipbenylamine reaction. 

RNA isolation,. The lysate (0.6 ml) was centrifuged for 8 minutes 
at 10,000 g at room temperature to sediment total RNA. The post-RNA lysate 
was transferred to a fresh tube and saved for the DNA and protein isolation 
described below. The RNA pellet was washed with 1 ml of 95% ethanol by 
vortexing and pipetting off the ethanol. Finally, RNA was dissolved in 
fonnamide and stored at -20 C. The total RNA isolation was completed in 11 
minutes. The isolated RNA exhibited a 260/280 ratio of 1.79 ±0.05, with a 
yield of 49.2 ± 2.8 ^g RNA (mean ± SD, n=3). Northern blotting of the 
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isolated RNA preparations showed an undegraded pattern of mRN A when tested 
for growth hormone, prolactin, 0-actin and GAPDH mRN As. 

For use in the reverse transcription PCR (RT-PCR), an aliquot 
of the RNA-solubilized fonnamide was precipitated with 3 volumes of ethanol. 

5 The precipitate was dissolved in water and used for RT-PCR. 

It has been found that spectrophotometrical measurements to 
determine the optical density of RNA and DNA are substantially improved when 
performed in a solution containing higher than usual concentrations of chelating 
agents. For this purpose, the concentration of chelating agent(s) should be 

0 higher than 5 mM, with the optimum for ethylenediamine tetraacetate (EDTA) 

at 10 mM and for citrate at 30 mM. This is a new and unexpected finding. 
Typically, optical density readings of RNA and DNA are performed in water 
or 1 mM EDTA. 

At higher concentration of chelating agents, the optical density 

5 readings are more reproducible and result in a higher 260/280 ratio. For 

example, the RNA preparation described in Example 1 had a 260/280 ratio of 
1.79 ± 0.05 when measured in water, and a ratio of 1.97 ± 0.01 when 
measured in 10 mM EDTA. 

DNA isolation. DNA was precipitated from the post-RNA lysate 

0 by the addition of 0.15 ml of isopropanol. The floating DNA precipitate was 

swirled (spooled) onto the pipette tip and transferred to a new tube. The 
remaining post-DNA lysate was saved for the protein isolation described below. 
The DNA was washed by mixing it with 1 ml of 95 % ethanol and pipetting out 
the ethanol wash. The final DNA preparation was dissolved in 8 mM NaOH by 
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gentle pipetting followed by neutralization of the solution with N-[2- 
hydroxyethyl] pipera2ine-N-[2-ethane sulfuric acid] (HEPES, free acid). The 
isolation was completed in less than 14 minutes. The isolated DNA exhibited a 
260/280 ratio 1.81 ± 0.02 (SD, n=3), indicating a lack protein contairnnation. 
The average yield from three isolations was 33.9 ± 2.9 (SD, n=3) ng DNA. 
As compared with the original amount of DNA in the lysate, determined by the 
diphenylamine reaction, the method of the invention provided 91 % recovery of 
DNA. 

Protein isolation. Proteins were precipitated from the post-DNA 
lysate by the addition of 1.8 ml of isopropanol and centrifugation at 10,000 g 
for 5 minutes. The precipitate was washed with 95% ethanol and dissolved in 
0.1 N acetic acid. Alternatively, the precipitate could be dissolved in 0.1% 
sodium dodecylsulphate, or in water. The protein isolation was completed in 22 
minutes. The isolated protein preparation was tested by Western blotting using 
a specific anti-rat prolactin antibody. The presence of the prolactin specific band 
in Western blotting is indicative of the good quality of the isolated protein 
preparation. 

The results of tests performed with the simultaneously isolated 
RNA, DNA and proteins are shown in Figure 1. Figure 1 A shows the results 
of nucleic acids electrophoresed in 1% agarose gel and stained with ethidhim 
bromide. Lanes 1 and 2 show undegraded total RNA (3 Mg/lane); lanes 3 and 
4 show high molecular weight genomic DNA (3 fig/lane); and lanes 5 and 6 
show genomic DNA (3 /ig) digested for 2 hours with EcoRl restrictase. As the 
results demonstrate, there is no detectable DNA in the RNA preparation and no 
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detectable RNA in the DNA preparation. The total digestion of DNA by EcoRl 
restrictase is indicative of the good quality of the isolated DNA. Figures 1B-D 
show the results of RT-PCR, PCR and Western blotting performed with total 
RNA, genomic DNA and proteins, respectively, isolated as described 
5 hereinabove. The RT-PCR (Fig. IB) and PCR (Fig. 1C) were performed using 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and rat growth hormone 
(GH) primers, respectively, and Western blotting (Fig. 1Q was performed 
using anti-rat prolactin antibody. Amplification of the 374 base pair GAPDH 
DNA fragment in RT-PCR and the 686 base pair GH DNA fragment in PCR 
10 indicates that the isolated nucleic acid preparations (RNA and DNA) are 

adequately purified for the PCR reaction. Also, the presence of a prolactin 
specific band in Western blotting shows the high quality of the isolated protein 
preparation. 

Similar results in the simultaneous isolation of RNA, DNA and 
15 proteins have been obtained when, in place of isopropanol, other water miscible 

organic solvents such as ethanol, methanol, acetone, dimethylsulfoxide, 
polyethylene glycol or mixtures of these solvents are used. These water miscible 
organic solvents can be used as components of the lysing solution and/or as the 
precipitating agents. All solvents are available from companies such Aldrich 
20 Chemical Co., Inc. (Milwaukee, WI) or Fluka Chemical Corp. (Ronkonkoma, 

NY). 

EXAMPLE 2 - Simultaneous Isolation of RNA, DNA and Proteins From 
Tissues. 

In this embodiment of the method, the solution does not include 
25 an organic solvent component. This permits the removal of any unhomogenized 
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tissue fragments from the lysate (homogenate) by a brief initial centrifugation. 
Thereafter, RNA is precipitated from the clear lysate by the addition of 0.2-0.3 
volumes of an organic solvent. 

A frozen sample of rat pituitary was homogenized in a hand held 

5 glass-Teflon homogenizer with 1 ml of a lysing solution containing 4 M 

guanidine thiocyanate, 0.1 M sodium acetate, 0.1 M 2-aminoethanethiol 
hydrochloride and 0.2% sarkosyl in water. The solution was adjusted to pH 7.0 
with hydrochloric acid. The homogenate was centrifuged at 10,000 g for 5 
minutes. The clear supernatant was transferred to a new tube, mixed with 0.3 

) ml of isopropanol and stored for 3 minutes at room temperature to precipitate 

RNA. The precipitated RNA was removed by centrifugation at 10,000 g for 8 
minutes and dissolved in formamide. The post-RNA supernatant was further 
processed to isolate DNA and proteins in the same manner as described in 
Example 1. DNA and proteins were successively precipitated from the post- 

) RNA lysate by the addition of 0.5 ml acetone and 10.75 ml of acetone, 

respectively. The isolated RNA exhibited a 260/280 ratio of 1.74 and the yield 
was 0.06 mg. The DNA exhibited a 260/280 ratio of 1.78 and the yield was 
0.04 mg. As shown in Figure 2A, there was no detectable DNA present in the 
RNA preparation and no detectable RNA present in the DNA preparation. As 

) in Fig. 1A, the nucleic acids were electrophoresed in 1% agarose gel and 

stained with ethidium bromide. Lanes 1 and 2, total RNA (3 jig/lane); lanes 3 
and 4, genomic DNA (3 /xg/lane); and lanes 5 and 6, genomic DNA (3 /xg) 
digested for 2 hours with EcoRl restrictase. 
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The preparations of total RNA, genomic DNA and proteins were 
tested by Northern, Southern and Western blotting for the rat growth hormone 
(GH) mRNA, GH gene, and GH, respectively. All three analyses, depicted in 
Figs. 2B-D, respectively, show that the method of invention yielded high quality 
RNA, DNA and protein preparations. 

EXAMPLE 3. Isolation of RNA From Cells without Centrifugation of The 
Initial Lvsate ° 

Breast tumor MCF7 cells were grown in monolayer culture in a 
3.5 cm petri dish. At the end of the culture period, the culture medium was 
removed and the cells were lysed by adding 1 ml of the lysing solution directly 
to the culture dish. The lysing solution used was that in Example 1. The lysate 
was centrifuged at 10,000 g for 5 minutes, and the RNA pellet was washed with 
95% ethanol and dissolved in formamide. The isolated RNA exhibited a 
260/280 ratio 1.81 and the yield was 22 jtg RNA. 

EXAMPLE 4. Isolation of RNA from Tissue with Centrifugation of The Initial 
Lvsate to Remnw Jicme Fragment 

Rat kidney (0.95 g) was homogenized in 19 ml of a lysing 
solution having the following composition: 4 M guanidine thiocyanate, 0.1 M 
sodium acetate and 0.2% sarkosyl in water. The solution was adjusted to pH 
7.0 with hydrochloric acid. The homogenate was centrifuged at 10,000 g for 
5 minutes to remove unsolubilized material. The resulting supernatant was 
transferred to a new tube and RNA was precipitated from the supernatant by the 
addition of 3.8 ml (0.3 volume) of isopropanol and centrifugated at 10,000 g for 
8 minutes. The RNA pellet was dissolved in formamide and stored at -20 C. 
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The RNA preparation exhibited a 260/280 ratio 1.77 and the yield was 3.9 mg 
of RNA. 

EXAMPLE 5 - Isolation of DNA from Pells without Centrifugatinn 

The lysing solution used for this DNA isolation contained the 
5 following: 4 M guanidine thiocyanate, 0. 1 M sodium acetate, 17% isopropanol, 

0.2% sarkosyl in water. The lysing solution was adjusted to pH 9 by the 
addition of 0.4 M NaOH. 

Rat pituitary P0 cells were lysed in the lysing solution by 
repetitive pipetting. The lysate was mixed with 0.4 volume of ethanol and the 

) precipitated DNA was spooled onto a pipette tip and washed twice with 95% 

ethanol. The resulting DNA was dissolved in 8 mM NaOH and neutralized to 
pH 8.0 with 0.1 M HEPES buffer. 

This embodiment of the invention further shortens the DNA 
isolation protocol by omitting centrifugation of the lysate. This deletion of 

> centrifugation results in only a minor contamination of the isolated DNA with 

RNA. Analysis of the genomic DNA isolated as described above was performed 
by electrophoreses thereof in 1% agarose gel and staining with ethidium 
bromide. Lanes 1 and 2 of Fig. 3 are genomic DNA (3 /ig/lane), and lanes 3 
and 4 are genomic DNA digested for 2 hours with EcoRl. As is apparent in 

I Figure 3, only a residual amount of RNA was detected in the low molecular 

weight region of the agarose gel by the ethidium bromide staining. Apparently, 
spooling DNA onto a pipette tip removes mainly DNA, while most of the 
partially hydrolyzed RNA (as indicated by its low molecular weight) remains in 
the lysate. The presence of a reducing agent is not necessary for the isolation 
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of DNA and the lysing solution can have pH within the range 6 - 12. The 
alkaline pH can be adjusted with NaOH, KOH or other organic or inorganic 
alkaline reagents. The best results are believed to be obtained when the lysate 
has a pH between 8-9. 
5 The unexpected and rapid hydrolysis of RNA occurring at pH 8 - 

pH 9 can be attributed to the presence of the chaotropic agent. This new 
finding allows for isolation of good quality DNA in a simple, one-step method. 

The protocol for DNA isolation without centrifugation can be 
completed in less than 10 minutes. This is believed to be the fastest and simplest 
method of genomic DNA isolation. Importantly, the only equipment required 
for this method are tubes and pipettes. This allows for performing the DNA 
isolation on a field trip or elsewhere with a limited access to laboratory 
equipment. 

EXAMPLE 6 - Isolation of DNA from Tissues with One Centrifugation of the 

Rat spleen (127 mg) was homogenized in a hand held glass- 
Teflon homogenizer with 5 ml of the lysing solution described in Example 5. 
The homogenate was centrifuged at 10,000 g for 5 minutes. The supernatant 
was transferred to a new tube and DNA was precipitated and washed as in 
Example 5. The isolated DNA exhibited a 260/280 ratio 1.76, and the yield was 
1.93 mg DNA. 

The scope of the present invention is not intended to be limited 
to the specific Examples described herein, but is to be accorded a scope 
commensurate with the appended claims. 
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What is claimed is: 
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1 ■ A solution for isolating substantially pure and undegraded RNA, 

DNA and proteins from biological material, said solution comprising: 
effective amounts of 

at least one chaotropic agent, and 
a buffer present in an amount sufficient to maintain the pH 
of said solution in the range of about 6-12. 

2 * ^ solution of claim 1 wherein said chaotropic agent is selected 

from the group consisting of guanidine thiocyanate, guanidine hydrochloride, 
urea, sodium iodide and mixtures thereof. 



3 - solution of claim 2 wherein said chaotropic agent is present 
at a concentration in the range of about 2M-7M. 

4 - The solution of claim 1 wherein said buffer is selected from the 
group consisting of tris-hydrochloric acid, sodium phosphate, sodium acetate, 
sodium citrate, sodium tetraborate and glycine-sodium hydroxide. 

5. The solution of claim 1 wherein said buffer is present in an 

amount sufficient to maintain the pH of said solution in the range of about 6- 
7.5. 



6 - The solution of claim 1 further comprising at least one reducing 

agent. 
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7. The solution of claim 6 wherein said reducing agent is selected 
from the group consisting of 2-aminoethanethiol, 2-mercaptoethanol and 
mixtures thereof. 

8. The solution of claim 1 further comprising a salt. 

9 - The solution of claim 8 wherein said salt is selected from the 

group consisting of sodium chloride, potassium chloride, ammonium chloride, 
sodium acetate, sodium nitrate, lithium chloride, sodium bromide and mixtures 
thereof. 

10* The solution of claim 1 further comprising at least one chelating 

agent. 

11- The solution of claim 10 wherein said chelating agent is selected 

from the group consisting of ethyienediamine tetraacetic acid and citric acid. 

12. The solution of claim 1 further comprising a detergent. 



13. The solution of claim 12 wherein said detergent is selected from 

the group consisting of sarcosine and polyoxyethylenesorbitan. 
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14. A solution for isolating substantially pure and undegraded RNA, 
DNA and proteins from biological material, said solution comprising: 

effective amounts of 

at least one chaotropic agent, 

a buffer present in an amount sufficient to maintain the pH 
of said solution in the range of 6-12, and 

an organic solvent present in an amount comprising about 
15-30% of said solution. 

15. The solution of claim 14 wherein said organic solvent is selected 
from the group consisting of lower alcohols, acetone, polyethylene glycol, 
dimetbylsulfoxide, and mixtures thereof. 

16. The solution of claim 14 wherein said chaotropic agent is selected 
from the group consisting of guanidine thiocyanate, guanidine hydrochloride, 
urea, sodium iodide, and mixtures thereof. 

17. The solution of claim 16 wherein said chaotropic agent is present 
at a concentration in the range of about 2M-7M. 

18. The solution of claim 14 wherein said buffer is selected from the 
group consisting of tris-hydrochloric acid, sodium phosphate, sodium acetate, 
sodium citrate, sodium tetraborate and glycine-sodium hydroxide. 
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19. The solution of claim 14 wherein said buffer is present in an 
amount sufficient to maintain the pH of said solution in the range of about 6- 
7.5. 

20. The solution of claim 14 further comprising at least one reducing 
agent. 

21. The solution of claim 20 wherein said reducing agent is selected 
from the group consisting of 2-aminoethanethiol, 2-mercaptoethanol and 
mixtures thereof. 

22. The solution of claim 14 further comprising a salt. 

23. The solution of claim 22 wherein said salt is selected from the 
group consisting of sodium chloride, potassium chloride, ammonium chloride, 
sodium acetate, sodium nitrate, lithium chloride, sodium bromide and mixtures 
thereof. 

24. The solution of claim 14 further comprising at least one chelating 
agent. 

25 . The solution of claim 24 wherein said chelating agent is selected 
from the group consisting of ethylenediamine tetraacetic acid and citric acid. 
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26. 



The solution of claim 14 further comprising a detergent. 



27. The solution of claim 26 wherein said detergent is selected from 
the group consisting of sarcosine and polyoxyethylenesorbitan. 

28. A method of isolating substantially pure and undegraded RNA, 
DNA and proteins from biological material, comprising the steps of: 

a) homogenizing a biological material sample in a solution 
of claim 1 to form an homogenate; 

b) removing unhomogenized material from the homogenate 
by sedimentation; 

c) precipitating RNA in the rcniaining homogenate by adding 
an effective amount of an organic solvent thereto, and recovering the 
precipitated RNA by sedimentation; 

d) thereafter precipitating DNA in the remaining homogenate 
by adding an effective amount of organic solvent thereto, and recovering the 
precipitated DNA by one of spooling and sedimentation; and 

e) thereafter precipitating proteins from the remaining 
homogenate by adding an effective amount of an organic solvent thereto, and 
recovering the precipitated proteins by sedimentation. 

29. The method of claim 28 wherein said organic solvent added to 

precipitate RNA is added in a ratio of about 0.15-0.3 volumes of solvent per 
one volume of initial homogenate. 
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30. The method of claim 29 wherein said organic solvent is selected 
from the group consisting of lower alcohols, acetone, polyethylene glycol and 
dimethy lsulfoxide . 

31. The method of claim 28 wherein said organic solvent added to 
precipitate DNA is added in a ratio of about 0.15-0.3 volumes of solvent per 
one volume of initial homogenate. 

32. The method of claim 3 1 wherein said organic solvent is selected 
from the group consisting of lower alcohols, acetone, polyethylene glycol and 
dimethylsulfoxide. 

33. The method of claim 28 wherein said organic solvent added to 
precipitate proteins is added in a ratio of about 3-4 volumes of solvent per one 
volume of initial homogenate. 

34. The method of claim 33 wherein said organic solvent is selected 
from the group consisting of lower alcohols, acetone, polyethylene glycol and 
dimethylsulfoxide. 
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35. A method of isolating substantially pure and undegraded RNA, 

DNA and proteins from biological material, comprising the steps of: 

a) homogenizing a biological material sample in the solution 
of claim 14 to form an homogenate; 

b) recovering substantially pure, undegraded RNA from the 
homogenate by sedimentation; 

c) tto^rprecipitatmgD 

by adding an effective amount of an organic solvent thereto, and recovering the 
precipitated DNA by one of sedimentation and spooling; and 

d) thereafter precipitating proteins from the remaining 
homogenate by adding an effective amount of organic solvent thereto, and 
recovering the precipitated proteins by sedimentation. 

36. The method of claim 35 wherein said organic solvent added to 
precipitate DNA is added in a ratio of 0.15-0.3 volumes of solvent per one 
volume of the initial homogenate. 

37. The method of claim 36 wherein said organic solvent is selected 
from the group consisting of lower alcohols, acetone, polyethylene glycol and 
dimethylsulfoxide . 

38. The method of claim 35 wherein said organic solvent added to 
precipitate proteins is added in a ratio of 3-4 volumes of solvent per one volume 
of the initial homogenate. 
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39. The method of claim 38 wherein said organic solvent is selected 

from the group consisting of lower alcohols, acetone, polyethylene glycol and 
dimethy lsulfoxide . 



40- A method of isolating substantially pure and undegraded RNA 

from biological material, comprising the steps of: 

a) homogenizing a biological material sample in a solution 
of claim 1 to form an homogenate; 

b) removing unhomogenized material from the homogenate 
by sedimentation; and 

c) precipitating RNA in the homogenate by adding an 
effective amount of an organic solvent thereto, and recovering the precipitated 
RNA by sedimentation. 

41 • The method of claim 40 wherein said organic solvent is selected 

from the group consisting of lower alcohols, acetone, polyethylene glycol and 
dimethy lsulfoxide . 



42. A method of isolating substantially pure and undegraded RNA 

from biological material, comprising the steps of: 

a) homogenizing a biological material sample in a solution 
of claim 14 to form an homogenate; and 

b) recovering substantially pure RNA from the homogenate 
by sedimentation. 
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43. A method of isolating substantially pure and undegraded DNA 

from biological material, comprising the steps of: 

a) homogenizing a biological material sample in a solution 
of claim 14 to form an homogenate; and 

b) precipitating DNA in the homogenate by adding an 
effective amount of an organic solvent thereto, and recovering the precipitated 
DNA by one of spooling and sedimentation. 



44. The method of claim 43 wherein said organic solvent is selected 

from the group consisting of lower alcohols, acetone, polyethylene glycol and 
dimetbylsulfoxide. 



45. A method of isolating substantially pure and undegraded DNA 

from biological material, comprising the steps of: 

a) homogenizing a biological material in the solution of claim 
1 to form an homogenate; 

b) removing unhomogenized material from the homogenate 
by sedimentation; and 

c) precipitating DNA in the homogenate by adding an 
effective amount of an organic solvent thereto, and recovering the precipitated 
DNA by one of spooling and sedimentation. 
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46. The method of claim 45 wherein said organic solvent is selected 

from the group consisting of lower alcohols, acetone, polyethylene glycol and 
dimethy lsulf oxide . 
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